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^conductor •*» »J*5 polishing pad 
polishing process * dtectosea P^ ^ 
mat contacts the water has aneo^ {28) , bothot 
and at least 

which are arnbedde^ ™ J connected to tte 
ing device 04. 36. 38^. ^ monitoring the 
active and ^^^Sea as the wafer «i 
current ^J^^ne etch endpolnt of 
lapped by thepo«3 ^ ^ of *e mag- 
^the water is deterged as 

2nHude of *e current flow. 
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APP3ratUS MonBortnB The Conductivftv Of A *a 

1 Invention rafoto» 



Tfife invention refata* <~ 
tormg the conduc^ J 0 ^^ 8 *» ™>|. 

doctor wafe*. J JS^^T 888 . * semicon- 
top ^ boC\a^^ machines 
the wafers I^LKS 
Plates are then movj 15 *" ^ 

slurry, consisting TL ^ otnB '. and a 

Pktes to grind and ftS«L *?* betWeen »» 
^example of such aZSf 1 ^ 8r 

Patent aXJi! ™* ,ne * diSCtos ^ 

^'5?^ 4 ' 1 "^ «* die- 

Plate of the tapoino mS ^ wafers - The top 

surface and a cond^fa« ^! Upper inducting 

*• conductingTuSS 9 Thf ^ * 
ther includes a vSlJl! mach "» fur- 

sweep voltage terminal TUS clrcui »- a 
nected in series wtthTL Mbd stete con- 
a Power l^^* "»£ and 
automatic featorTo? 1 ^ ° 0ntro ' drcui *- 
£erv *s to terminate the laLZ J^'" 9 macnin « 
frequency of one or moreTl^ When *• 
tors reaches a to^J^*""*"^ 
*•*"*»■ us. ^ 4 , **f* *■» a target 
bodJment wherein a second ff^ nC,Ud$s w «* 
« the top plate 8 M °° nd is embedded 

macUS L'tJornSf *» di8doS9s a lapping 

"aving IwoT^^jf^ a pin 

connected to an electrode wS, tenT,inal8 fe 
•apping plate, and ^ 18 ,nserted into a 

to a sweep CIS T" ,em,,nai 18 connected 
finals is'SSed^- * «° «*° 
parator which serS ,mpedance com- 

Pie^tectric wS^^^ 88 ^ of a 
actuates a switch conn**** ? and 
trol circuit Th".^^ 10 *" autom8 tic con- 

switches between aXoL S * ^ Wnicn 
'"PPly. In operation thTSL 8 ?°*er 

«* resonance Z^SlZL^ mon,tor8 
resonance fcq2T2* VTS C ° mpares *■ 

frequency equals or exceeds th«L l^ the wafer 
, »« Technical J**"* 



tronic system^r^hT' 8 ^ by9ro, «"^ 
M ^ve -^^ 8 '^ Placing a 
6 ^ connecting fta^l 9 ^ 0V8r *» "*tal layer, 
power supp^Tte £S? ""fl"""* terminal of a 

""necting the pTaSt ZZZT? 
the power supply «~ ***** ^nai of 
'° tVated. me me2 n^L^i° W !L 5Up ^ is ac- 

» ondpeints ot seri^ X^'^ 
are examples of such dev^^^ 0 ^ 

U S. Patent 3374 ass ,wi metnod «- 
tor detecting the e^h'^^f 98 80 apparatus 
semiconductors^ ^ of 80 coated 
» first electrical leZ^T^ J^ 3 inc,ud8s a 
and a second etecS 7r^ to ** S{,bt *«*> 
•rode disposed In a ^ , ronn8Ct8d t0 an eteo- 
tead wiresTliS ° f folutlon. The 

^er. A etc. fiSlt * **** ° r readout 
* ^ to Prov^ 9 a s^i^ o" the sub. 
** the oxide «£j ^.^f^^P*** 
strata is etehed^Z . , 8ernic °nductor sub- 
Jje stohCttT m^r^^- 

P^ng^^^^rodes. and sup- 
^ated for etching the i*^ 1^* 8 pl88m a is 

the Impedance of H» n,2 ^"oring 
process. ^ ptesma *rfng the etching 

<° cessbyrneaswimCRF»i t f^ e ^ pro - 
Tne method IntikSmlZ?*" 8t m elec trode. 
frodes on oppos^urS 9 ^ 8 ^ to ^ ^o- 
the upper electrode to around ! T ' amectSn 9 
'ower electrode to W , iRlT, J COnn8cBn 9 ■•» 

ase^rrs,rdi 3 ^^ 

tor plasma etching det6Ct,0n te chniques 

circuitry. These Xal Snef! device 

^-nnect the d^^ ? h e ' 8Ctrica ''y 
^"^ng «nes are toaiiSS' «. 886 
connection level by thinfifrTn^ f 8 08x1 inter - 
formed by. for examp? cSm, T 1 **" 9 m8teri8 l 
»rnpfe. chemical vapor deposition 
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. nrriAr to interconnect metal lines 
(CVO) of oxide. In orderw ™» forrne d 

of different W-?^^£diW aeceas 
in the insulating layers to provioe 

therebetween. tt te desirable that 

in such wiring P™^*^th 8urfac8 topog- 
the insulating layere ^JJ™"^** fabrication 
raphy, because ^ ^ ^ to image 
problems. More spedfl^Jr.J^ ^^ 

^"9 machine*^ Insulator 
planarteation P™^^* ^T teve |. h these pro- 
topologies lor the. next metal **J 

cesses. It * '^^Lin^th surface, 
amount of VS of under- 

detection t^hnlqu 8 feneed^ M. detection 
Traditionally. ^ a ^Vde«erm1ne etch 
devices have ^"JE J^^de- 

8 ^^to impleSn tapping machines, 
vices * difficult to against 
because the wafers are More particu- 

endpofnt in W j ^ z9 the first wafer, 
amount of time «**jy*J wa fers at similar 
and then to ™^ «^ n, £ extremely difficult 
times, in practice, insert is t w 

to precisely control to rate of^ ^ 
dHferent wafers, this methods ex*em ^ 
suming since operators must inspe 



nQ^lsascr^r^cclrcundlagramoffhe 

embodiment of FIG. 1_ a tepp mg 

RG - 3 ,8 8 a CTXrode triangular er- 
mine having a ^» e ^ ^bodlment of 
6 rangement according to a eecona 

*■ *nT* 18 a circuit diagram of comparator 
f0 tonofthe'lntogratorcircuHofF.Q.4. 



apparatus. a oturaltty of isolated 

The apparatus mii^-«PJ^ machine, 
etectrode Xed electrode 

at feast one of said ptajaW or ^.^^ 
means contacting a J"*»*J current flow bo- 
ws** ^XC^^oda mean* 
tween said pJuramy m conductive 

said current indicating mtmm . 
mrt6rW ^^8^ detail beiowwnh 
The invention is aeswiu 

of the invention. 



polishing V^'^^^s Aacoorting to 
fines, contact/via s^ 8 ^^ T he apparatua 

„ a first «"^r 1? ^0 rXr 6 having a tem- 
includes a wafer carner°^ semlcorv 

doctor wafer 2. w™ 0 "!* positioned bo- 

dance with the invention, te snow 10 . 

30 tween the wafer J^Trfi side 6B. 
The wafer earner lie J i8 coupled to any 
to a driving arm ^ ™ ar ^ ans (no t shown) for 
suitable motor or dnvmg mea ^ 
moving the wafer earner o ^ (rotefon) . 
86 olcatod by '^^aWedTporltonie which 

to the template J-^JiJE wafer surface 
30 madefromaaottmato^^ 

2A is not damaged from _the w«gm 8 
™> polishing ^J^iC* therein, 
polishing pad 22 havlngho^ respec- 
Active and P^?. e ^^£ed polishing pad 
m tively. are formed J^J^EUd 23B of 
22 by filling som e n °^^eooxv material or the 
the pad 22 with • C "^*5K contacts 
like. The platen 20'ndudes *o ^ 31 
30. each hwno » upper c «■ 
* and a « P°^ ed t0 contact the 

ductive portion 3t » « P08« ^ave portion 

epoxy material ^j^ing wires 34. 
32 ls positioned to c^ct«)rc ^ 

,n ?V " t tT^wcKwn connected to 
« and28.respe^veiy^eac tof d 

a power suppt y »anara through a slip rmg 

other suitable ' * rode 26 i8 connected 

as8er^y40 ; Thea^eiecte3d ^ 

to the positive terminal « iw £ trough a 

„ ^ough^^P^^e 0 ^ connected 
resistor 41. The ^e^ upply 36 

to the negative terminal m» power sup- 
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n °w be described. 

passes over the eterwL . 11,8 wafer 

on the -i^SESSS J Sp,tes *»~ 
Pfied to' electrode atT^^ 0 "^ 8U P" 
prevent damage to rlj 'iSj, to 20 ^P 8 * 
pulses appeSE 5 ci ^*y- The 

Indicate Sm?bSL? !?T 01 ^"oscope 38 
occurredX^eS S£ 1 " * ** wafer 2 •» 
*f«ed in me 8 m'ELS 2°?* ^ 
system. thJX^^^ 
tegrated to triooer iJT^ electncally ln- 
Dmcra ^ the "Wng machine to stem the 
process or alternatively to start a «.n7JL 
provkte a desired «™, . sequencer to 

^ pofisn nadsoMuit^ ***18u|lr manner 

44 is positioned to earn/ tube 
w carn / electrical wires 34 to an 
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S^L^ mch is "uPted to a 9V batten, 47 
The Integrator 48 is coupled to an inwJ?T^ 47 ' 
ter 48. The transmawT traftSfn,t * 
beam when f 8 9enerates « Infrared 

5 mateccXt^ elBC<rod8s * ^ and 42 
'~7 co " tact W* exposed metal located «ritw„ «!l 

second Integrator S^L ^J^H ^ to a 
>o to osdno^e^ J^f 9 ^ 52 '* copied 

power ^ •iisssr* « » 

agnate or pulses when iT^T^ ^ dlsptey8 
representing an inCrateTS h' 800 "" ***** 

connected to a sZlcZl*' 28 fe 

rectors 58 and eTlTflV vST ^ * 

<*»™cted to ^ and^^^S^ Br * 

comparators 88 and aa ~T "T 9 ter minaJs of 

10KO reStcfand I a wtot^.* 8 ^ 
- and 56 are eaS cTn^^cS* 2 

of cSp^tc^tor i 2 - 1718 «*« 

of a transistor 74 IT?** 62 

35 source formed by a 10KB Z*;<2 J T " Current 

* logic dia era m<tfnG^ ^ W * re ' Brence to the 

The integrator circuit 48 allows an •»« J 
beam to be trarwmm^ \. M0WS 30 'nfrared 
28. 28 ^ 4 1?' : hen . a « of «» electrodes 
exposed - 

* such electrical S^Hl!!^ When 
a*** electrode 26te TpSSe ^ 
through (he suhlL a e,e <*°des 28 and 42 

tors 66 and 88 M negative compara- 

^ and T 5 e o5^S rS 66 ^ 88 "HIGH" 
whin me^tatt ^ ST respectS/y 
specified Sid v^XT^' fe ^ 8 
value is set bTadiu^' 2 thre8noW 
» offset circurte 58 ^ 9 ^r^' 0 re8istor s of 
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trades 26 or 42 when using sDghtly conductive 
slurry solutions 24 (FK3. 1)* 

Comparator 72 produces an output pulse when 
both the output of comparator 68 produces a 
"LOW" signal, and comparator 68 produces a 
"HIGH" signal, as shown In the logic diagram of 
RQ. 5. As a result the infrared transmitter 48 will 
generate infrared beam only when comparator 68 
produces a "LOW signal and comparator 66 pro- 
duces a "HIGH" signal. (i.e. as shown In RG. 5 
between times Tt and T2). The generated infrared 
beam wiH then be sensed by an infrared receiver 
50 and displayed by the oscilloscope 38 and the 
chart recorder 64 as indicated in FIG. 3. 

While the Invention has been described with 
reference to detecting etch endpoint of an insulat- 
ing layer, it can also be applied to detecting etch 
endpoint of a conductive layer, in this application, 
thp conducting path is broken at etch endpoint. 

As described above, the endpoint detection 
system of the invention provides an indication of 
endpoint by monitoring the presence or absence of 
current between the active and passive electrodes. 
However, the invention can also be used to monitor 
the resistivity of a conductive layer during the 
polishing process. For example, this thinning of a 
conductive layer may be necessary to reduce the 
thickness of a CVD-deposited metal Dim. The CVD- 
metai may have been deliberately deposited thick 
to completely fiH contact or via studs. The process 
would be used to reduce the metal thickness to its 
desired value by measuring sheet resistance dur- 
ing the polishing process. 

Many structural modifications can be made to 
the endpoint detection system of the Invention. 
While embodiments featuring two or three elec- 
trodes were disclosed, additional electrodes could, 
be provided to enhance the accuracy of the sys- 
tem. The electrodes could be provided to portions 
of the lapping machine other than the polish pad. 
For example, one of the electrodes could be pro- 
vided on the wafer support that contacts the back- 
side of the wafer, such that during the lapping 
process a circuit is formed from the electrode on 
the polish pad, through the substrate, and to the 
electrode on the backside of the wafer. Moreover, If 
the slurry was conductive (ionic) the slurry be- 
comes the front side (i.e., the polish pad) electrode, 
and the slurry could be held at a predetermined 
voltage by a biasing means coupled to the slurry. 
Finally, the electrodes could be made from con* 
ductive materials such as silver paint copper 
braids, or graphite, or aluminum foil. 



Claims 

1. An apparatus for monitoring the conductivity 
of an exposed surface of a semiconductor wafer (2) 

s during polishing in a lapping machine, comprising: 
a plurality of isolated electrode means (26, 28) 
coupled to the lapping machine, at least one of 
said plurality of Isolated electrode means contact- 
ing a surface of the semiconductor wafer and 

10 means (28, 28, 34, 38. 38, 40, 41) for monitoring 
current flow between said plurality of isolated elec- 
trode means, said current indicating the amount of 
conductive material at the exposed surface of the 
substrate. 

T5 2. The apparatus according to Claim 1 . wherein 
the lapping machine comprises a polishing table 
(10), a polishing pad (22) coupled to said polishing 
table, and a spinning wafer carrier (6) suspended 
above said polishing table for bringing the semi- 

20 conductor wafer into contact with said polishing 
pad. 

3. The apparatus according to Claim 2, wherein 
said plurality of isolated electrode means are em- 
bedded in said polishing pad. 
26 4. The apparatus according to Claim 3. wherein 
said plurality of isolated electrode means are pro- 
vided by perforations (23 A, 23B) in said polishing 
pad that are filled with conductive material. 

5. The apparatus according to Claim 3, wherein 
so said plurality of isolated electrode means comprise 

a conductive material selected from the group con- 
sisting of conductive epoxy, silver, graphite, cop- 
per, and aluminum. 

6. The apparatus according to Clam 2, wherein 
as said plurality of isolated electrode means comprise 

first, second, and third electrodes (26, 28, 42) em- 
bedded in said polishing pad. 

7. The apparatus according to Claim 6, wherein 
said means for monitoring current flow comprises: 

40 a first* comparator (66) coupled to said second 
electrode (28). said first comparator producing a 
first signal that indicates the presence of current 
flow between said first and second electrodes; 
a second comparator (68) coupled to said third 

45 electrode (42), said second comparator producing 
a second signal that indicates the presence of 
current flow between said first and third electrodes, 
and; 

a third comparator (72) coupled to said first and 
so second comparators for detecting the simultaneous 
presence of said first and second signals. 

8. The apparatus according to Claim 7, wherein 
said electrodes are arranged in a triangular manner 
in scud polishing pad. 

66 
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FIG.I 
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